Objective The study objective was to describe the individual item-level discrepancies between children ages 8-17 years and their parents for the PROMIS Ò pediatric scales. Contextual effects on item-level informant discrepancies for the pediatric pain interference items were further analyzed conditional on whether the child, the parent, or anyone else in the household experienced chronic pain. Methods Parallel pediatric self-report and parent proxyreport items were completed by approximately 300 parentchild dyads depending on form assignment and individual nonresponse. Agreement between parent and child responses to individual items was measured using the polychoric correlation coefficient and weighted j. The Chisquare test of symmetry was utilized for a comparison of the pattern of parent-child item discrepancies on the response scales, and the differences between the child and parent responses on the 1-5 item response scale are summarized. Results A continuum of higher item-level parent-child discrepancies was demonstrated starting with peer relationships, anger, anxiety, and depressive symptoms, followed by progressively lower parent-child discrepancies for energy, fatigue, asthma impact, pain interference, upper extremity, and mobility items. Parent-child discrepancies for pain interference items were lower in the context of chronic pain either in the child or in the parent. Conclusions Parent-child item-level discrepancies were lower for more objective or visible items than for items measuring internal states or less observable items measuring latent variables such as peer relationships and fatigue. Future research should focus on the child and parent characteristics that influence domain-specific item-level
Introduction
The Patient-Reported Outcomes Measurement Information System (PROMIS Ò ) is a National Institutes of Health (NIH) Initiative, created to advance the assessment of patient-reported outcomes (PROs) [1] . Items are evaluated using item response theory (IRT) to derive scales with scores that are theoretically maximally reliable and valid along the full spectrum of the latent trait [2] . During the past 10 years, the PROMIS Pediatric Group has developed pediatric self-report item banks for ages 8-17 years across five generic health domains (physical functioning, pain, fatigue, emotional health, and social health) [3] [4] [5] [6] [7] [8] [9] , with computerized adaptive testing (CAT) and short-form administration options available [10] . An asthma-specific measure was also created utilizing IRT methods [11, 12] .
While pediatric self-report should be considered the standard for measuring PROs [13] , there may be circumstances when the child is too young, too cognitively impaired, or too ill to complete a PRO instrument, and parent proxy-report may be needed in such cases [14] . To address this need, we developed the PROMIS Ò parent proxy-report item banks for children ages 5-17 years to be directly parallel to the domains of the pediatric self-report item banks utilizing IRT [15] [16] [17] . However, it has been well documented in both the adult and pediatric literature going back several decades that information provided by proxy-respondents is not equivalent to that reported by the patient [18] [19] [20] . In fact, more recent reviews indicate that informant discrepancies are ubiquitous and, rather than being considered simply measurement error or deviations from a true score may provide unique and invaluable information which may predict child health outcomes in clinical trials and health services research in ways that information from only one informant may not [21] . Accordingly, when we developed the PROMIS Ò parent proxy-report scales, we additionally used two-dimensional IRT models to estimate the correlations between the latent variables measured by the pediatric self-report scales for ages [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] and the parent proxy-report scales for ages 8-17 [16] .
In these two-dimensional IRT models, one latent variable was used with the graded model to fit the pediatric self-report responses and a second latent variable was used to fit the parent proxy-report data; the correlation between the two latent variables was estimated simultaneously with the item parameters [16] . In terms used by traditional test theory, this correlation is an estimate of the ''disattenuated'' correlation between the two variables; that is, the correlation corrected for the presence of measurement error in scores. Thus, we tested whether the pediatric self-report and parent proxy-report scales measured the same constructs (latent variables), finding that parent proxy-report demonstrated moderate to low agreement with pediatric self-report, with differences across the domains measured [16] , consistent with the extant literature [22, 23] . However, these prior findings tested parent-child discrepancies at the scale level. No prior study has investigated parentchild informant discrepancies with these PROMIS Ò pediatric scales at the individual item level.
There may be significant advantages in investigating informant discrepancies between children and their parents at the individual item level rather than at the scale level. Specifically, it has been proposed that analyzing parentchild discrepancies at the scale level obscures true differences between informants [24] . Rather, the pattern of informant discrepancies at the individual item level is hypothesized to be more accurate and informative since the direction of the differences at the individual item level is potentially averaged out at the scale level. Thus, analyzing informant discrepancies at the scale level may obfuscate important cross-informant differences in the direction of reporting on specific items and the response scales that accompany them, and may erroneously underestimate true informant discrepancies [24] . Further, as reviewed by Eiser and Varni [23] , child characteristics, parent characteristics, and the domains (latent variables) being measured interact to form contextual effects on parent-child agreement at the scale level. To our knowledge, these contextual effects have not been simultaneously investigated at the item level.
Consequently, to address these significant gaps in the extant literature, the objective of the present study is to describe the individual item-level agreement (or its reverse, parent-child item discrepancies) between children ages 8-17 years and their parents for the PROMIS Ò pediatric scales. We hypothesized that parent-child item-level discrepancies would be lower for more objective or visible items measuring latent variables such as physical functioning than for items measuring internal states or less visible or readily observable items measuring latent variables such as emotional distress, fatigue, pain, asthma symptoms, and peer relationships. Contextual effects on informant agreement at the item level for the PROMIS Ò pediatric pain interference items were further analyzed depending on whether the child, or the parent, or anyone else in the household experienced chronic pain.
Methods

Participants
Participants were recruited between May 2008 through March 2009 in hospital-based outpatient general pediatrics and subspecialty clinics. Pediatric patients within the age range of 8-17 were recruited through a review of clinic appointment rosters or while waiting for their clinic appointments according to protocols approved by the institutional review boards (IRBs) of University of North Carolina (UNC), Duke University Medical Center, University of Washington (UW), Ann & Robert H. Lurie Children's Hospital of Chicago (Lurie; formerly, Children's Memorial Hospital, Chicago), and Children's Hospital at Scott and White (S&W) in Texas. Parents/ caregivers were recruited while waiting for their child's clinic appointments. The UNC, Duke, UW, Lurie, and S&W general pediatric clinics were representative of health issues for which children have physician office visits (e.g., well-child visits, acute illnesses, and some chronic illnesses). The specialty clinics included Pulmonology, Allergy, Gastroenterology, Rheumatology, Nephrology, Obesity, Rehabilitation, Dermatology, and Endocrinology. Parents of children with asthma were over-sampled during recruitment because asthma-specific items were tested.
To be eligible to participate in the large-scale testing survey, all participants were required to meet the following inclusion criteria: able to speak and read English; and able to see and interact with a computer screen, keyboard, and mouse. Each participant received a $10 gift card in return for their time and effort. Written parental informed consent and child assent (when age appropriate) were obtained for these data.
Item bank development
Item development has been described in detail previously [3-11, 15, 16] . Specifically, the PROMIS pediatric item banks were developed using a strategic item generation methodology adopted by the PROMIS Network [2] . Six phases of item development were implemented: identification of existing items, item classification and selection, item review and revision, focus group input on domain coverage, cognitive interviews with individual items, and final revision before field testing. The final pediatric selfreport item banks included scales measuring quality of life in five generic health domains (physical functioning, pain, fatigue, emotional health, and social health) and Asthma. Because physical functioning includes both upper extremity and mobility item banks, emotional distress includes separate anger, anxiety, and depressive symptoms item banks, and fatigue includes both tired and lack of energy item banks, a total of 10 content domains are measured [3] [4] [5] [6] [7] [8] [9] 11] .
The parent proxy-report items were developed from those used for the 10 existing pediatric self-report content domains [3] [4] [5] [6] [7] [8] [9] 11] . During the development of the parent proxy-report scales, the items were revised to retain their meaning, while modifying the phrasing so that all items involved parents reporting on their child [15, 16] . For example, in the pediatric self-report pain interference domain, children responded to the item ''I had trouble sleeping when I had pain,'' while parents responded to the parent proxy-report equivalent of this item, ''My child had trouble sleeping when he/she had pain.'' All items had a 7-day recall period and use one of two sets of standardized five-point response options: never, almost never, sometimes, often, and almost always for all scales except physical functioning; and with no trouble, with a little trouble, with some trouble, with a lot of trouble, and not able to do for the physical functioning scales.
In the data collection for the original standardization of the pediatric parent proxy scales, 293 proxy-report items from the 10 content domains were administered to 1,548 parents of the 8-to 17-year-old children [15, 16] . To reduce respondent burden, a multiform design was used in which the items were divided among nine test forms, and each parent was administered one of the nine forms; the details of the sampling design have been described previously [15, 16] ; each child responded to approximately half the items on the corresponding parent form.
Of the 293 items administered, 165 were ultimately included in the proxy item banks for parents of children ages 8-17 years; these corresponded to the 166 items that were ultimately included in the pediatric self-report item banks, less one item that could not be re-worded for parent proxy-report [16] .
Statistical and psychometric methods
Agreement between parent and child responses to individual items was measured using the polychoric correlation Qual Life Res (2015) 24:1921-1937 1923 coefficient [25] and weighted j [26, 27] . Both statistics are computed using the SAS FREQ procedure [28] from the contingency tables that arise from cross-classifying the child's response in one of five categories with the parent's response in one of the same five categories, yielding frequencies in a five-by-five table.
The polychoric correlation (r) coefficient is an estimate of the correlation between two normally distributed latent variables hypothesized to underlie the categorical item responses. The model is that each question induces something like a continuous response value that is categorized in a second cognitive process involved in selecting one of the five response alternatives. The model that yields the polychoric r for two items is essentially the same as the IRT model upon which the PROMIS scales are based. The polychoric r has the advantage that has its full range (0-1 for positive relations) regardless of the marginal distributions of the two items. A potential disadvantage of the polychoric correlation is that it is based on a strong parametric distributional model for the unobserved item response tendencies.
In contrast, linearly weighted j is a measure of agreement based solely on the observed response frequencies: Responses that agree perfectly (i.e., are in the same category) receive the highest weight; responses that differ, but are in adjacent categories use smaller weights, and responses that differ by more than one category receive progressively smaller weights. While the nominal range of the statistic is 0-1, the scale of weighted j is such that its values are generally smaller than those of the polychoric correlation.
The Chi-square test of symmetry [29] is another statistic that is of some interest, although it is not, strictly speaking, an index of agreement. This statistic compares the frequencies in corresponding cells in the lower triangle of the five-by-five contingency table with the corresponding frequencies in the upper triangle. For example, one component is the comparison between cell (2 = almost never for the parent, 1 = never for the child) with cell (1 = never for the parent, 2 = almost never for the child); to the extent the frequencies in those two cells are the same, neither parent nor child tends to endorse the response above or below the other. The symmetry statistic aggregates that comparison over all ten ways (for five alternatives) responses can disagree, producing a Chi-square statistic with ten degrees of freedom, so it is expected to be around 10 if child and parent responses are symmetrical.
We also computed the difference on the 1-5 response scale between the child and parent responses for each item. We report the average of those differences as a measure of bias of the parent responses relative to the child responses and the standard deviation (SD) of those differences as a measure of variability of parent responses relative to the pediatric self-reports.
Tables presented in the Results section illustrate the relation between these statistics and the observed responses, and the average values of these agreement statistics for scales measuring the ten PROMIS Ò pediatric subdomains. Among a block of questions designed to collect data on potential mediators of parent-child agreement in reporting health-related quality of life, the parents were asked whether (a) the child, or (b) the parent, or (c) anyone else in the household experienced chronic pain. Responses to those questions were used to divide the sample into two groups, and parent-child agreement for the PROMIS Ò pain interference items was computed separately within those two groups.
Results
The nine test forms were completed by a total of 1,548 respondents (parent-child dyads). Demographic information about the sample has been provided previously [16] . The total sample was 52 % female. The majority of caregivers were female (85 %), married (69 %), Caucasian (64 %), and had at least a high school education (94 %). Approximately 50 % had children with a chronic health condition [primarily asthma (23 %)] diagnosed or treated within 6 months prior to the interview.
Because of the structure of the multiple-form administration of items to parents and children, a little over 300 parent-child dyads responded to each individual item. The exact number varies slightly from item pair to item pair, due to the randomness of form assignment and individual nonresponse. Tables 1, 2 , 3, and 4 illustrate various levels of agreement as measured by the polychoric correlation and weighted j, and differing levels of symmetry. The upper panel of Table 1 tabulates parent and child responses for one of the items on the physical functioning mobility scale, ''I could do sports and exercise that other kids my age could do'' (child form)/''My child could do sports and exercise that other kids his/her age could do'' (parent form). This item illustrates roughly average agreement for items from the physical functioning domain: polychoric r = 0.63 and weighted j = 0.39. The value of the symmetry statistic is 5.4, which is very low, indicating that, when there is disagreement, there is no asymmetry: It is as likely that either the child or the parent selects the higher response.
Patterns of parent-child agreement/discrepancies
The lower panel of Table 1 , in contrast, shows very poor agreement between parent and child for the depressive symptoms item ''I wanted to be by myself'' (child form)/ ''My child wanted to be by himself/herself'' (parent form): polychoric r = 0.1 and weighted j = 0.1. The value of the symmetry statistic is 87.3, which is very high and highly significant, because there are many more responses of often and almost always from children than from parents-and some of those responses of often and almost always came from children whose parents selected ''never.'' Table 2 illustrates the level of parent-child agreement for two items from the anxiety scale, ''I worried about what could happen to me'' (child form)/''My child worried about what could happen to him/her'' (parent form) and ''I worried when I went to bed at night'' (child form)/''My child worried when he/she went to bed at night'' (parent form). The item about ''worried about what could happen'' (top panel) exhibits a level of agreement near the average for the items of the anxiety scale: polychoric r = 0.26 and weighted j = 0.14. The value of the symmetry statistic is 25.2, which is significant (p = 0.005). The item about when the child ''went to bed at night'' has the highest agreement among those on the anxiety scale: polychoric r = 0.40 and weighted j = 0.25. The value of the symmetry statistic is 15.3, which is not significantly different from its expectation. In contrast to the relatively low level of agreement observed with Emotional Distress items, Table 3 illustrates the higher general level of parent-child agreement for items from the physical functioning scales. The items shown are ''I could run a mile'' (child form)/''My child could run a mile'' (parent form) and ''I have been physically able to do the activities I enjoy most'' (child form)/ ''My child has been physically able to do the activities he/ she enjoys most'' (parent form); these are the items with the lowest levels of agreement for the mobility scale. The item about running a mile (top panel) has polychoric r = 0.52 and weighted j = 0.36. The value of the symmetry statistic is a nonsignificant 15.1. The item about activities the child enjoys has the lowest agreement among those on the mobility scale: polychoric r = 0.46 and weighted j = 0.26. The value of the symmetry statistic is a Polychoric r = 0.99; weighted j = 0.85; test of symmetry = 4, p = 0.67 nonsignificant 15.3. Thus, the lowest level of parent-child agreement for mobility items is higher than the highest level of agreement observed for anxiety items. Table 4 illustrates the values of the agreement statistics for an item for which almost all responses are the same: ''I used a walker, cane, or crutches to get around'' (child form)/''My child used a walker, cane, or crutches to get around'' (parent form). Almost all of the responses from both parents and children are never. For this item, polychoric r = 0.99 and weighted j = 0.85. The value of the symmetry statistic is a nonsignificant 4. Table 5 summarizes the agreement statistics for the scales for the ten domains. Parent-child item-level agreement is lowest for the social domain's peer relationships scale and generally low for the Emotional Distress scales (depressive symptoms, anger, and anxiety) and the Fatigue scales (lack of energy and tired). Agreement is slightly higher for the Pain Interference and Asthma Impact scales and highest for the Physical Function scales (mobility and upper extremity). Item-level agreement statistics are tabulated for all of the items, by domain and subdomain scale, in the Appendix, with the child forms of the items.
The fourth column of Table 5 augments the average item-level agreement information with the correlations between the score on the parent proxy-report and child selfreport measures, as reported in the article describing the development of the parent proxy-report scales [16] . The score correlations track closely with item-level agreement. Score correlations are generally higher than the item-level polychoric correlations, except for the mobility scale, for which it seems internal consistency across items is lower than parent-child item-level consistency.
The rightmost two columns of Table 5 summarize the average difference between the pediatric self-report and parent proxy-report item scores, and the average standard deviation of those differences, for each scale. The average differences are small, reaching a maximum of 0.26 points (on the five-point response scale) for the tired scale. The standard deviations are larger, over one point for all scales except those for physical functioning.
Chronic pain contextual effects on parent-child agreement/discrepancies Table 6 displays agreement statistics for the PROMIS Ò pain interference items, for parent-child dyads in which the parent reports the child has chronic pain (Y) or not (N). For 12 of the 13 items, the polychoric r is higher for the group in which the parent reports that the child experiences 24:1921-1937 1927 chronic pain than for the group without child pain (binomial p = 0.002). Due to unused response categories for the parent or child, or both, weighted j cannot be computed for both groups for two of the 13 items; however, for the 11 items for which it is computed, it is always higher for the group with child chronic pain than without. This pattern suggests that chronic pain in the child may serve to sensitize the parent to the child's symptoms, with the result that parent proxy-report is more accurate or congruent, in the sense that it more closely approximates child self-report of pain interference. Table 7 tabulates agreement statistics for same pain interference items, for parent-child dyads in which the parent reports the parent (himself or herself) has chronic pain (Y) or not (N). For 10 of the 13 items, the polychoric r is higher for the group in which the parent reports chronic pain than for the group without (binomial p = 0.035). Again, due to unused response categories for the parent or child, weighted j cannot be computed for both groups for two of the 13 items. For the 11 items for which it is computed, it is higher for the group with parental chronic pain than without for eight pairs. This pattern, while not as strong as is the case for chronic pain in the child, suggests that parental chronic pain may also serve to sensitize the parent to the child's symptoms. Table 8 shows parallel results, agreement statistics for the pain interference items, for parent-child dyads in which the parent reports someone else in the household (neither the child nor the parent) has chronic pain. In this case, there is no apparent difference in level of agreement between the groups in which it is reported that someone else in the household suffers from chronic pain.
Discussion
The findings demonstrate a continuum of higher item-level parent-child discrepancies starting with peer relationships, anger, anxiety, and depressive symptoms, followed by progressively lower parent-child discrepancies for energy, fatigue, pain interference, asthma impact, upper extremity, and mobility items. These parent-child discrepancies at the item-level are generally consistent with the extant literature on parent-child discrepancies at the scale level, in which higher discrepancies have been demonstrated for internalizing or less readily observable measures of emotional distress, fatigue, pain, and peer relationships in comparison with externalizing or more easily observed measures of physical functioning [19, 22, 23, 30] . However, these itemlevel analyses are unique both in the statistical methods utilized to determine item-level discrepancies and in the number of constructs (latent variables) investigated in detail. We found that item-level parent-child discrepancies for the pain interference items were lower in the context of chronic pain either in the child or in the parent, furthering our understanding of the contextual factors that potentially influence informant discrepancies in pediatric chronic pain. These findings on the contextual effects of child and parent chronic health condition on the PROMIS Ò pain interference items are unique and make a significant contribution by delineating the importance of studying the potential interaction of child and parent characteristics with the domain (latent variable) being measured, consistent with the broader literature on domain-specific parent-child informant discrepancies [23] . For example, it has been previously found that both child depressive symptoms and parent depressive symptoms were related to scale-level informant discrepancies in domains measuring parental monitoring behaviors [31] .
Understanding parent-child informant discrepancies at the individual item level is important for a number of reasons. Our finding that parent proxy-report demonstrated moderate to low item-level agreement with pediatric self-report indicates that information provided by proxy-respondents is not equivalent to that reported by the patient, not only at the scale level, but also at the individual item level (i.e., individual symptoms or problems). These parent-child informant discrepancies have important clinical ramifications. It is typically parents' perceptions of their children's health and well-being that influences healthcare utilization [32] [33] [34] . A misalignment in the perceptions of children and their parents on the child's symptoms at the individual item level may result in under-treatment if the parent does not recognize the presence or severity of the child's symptoms, or over-treatment if the parent perceives the symptoms to be worse than experienced by the child. Thus, measurement instruments should be developed that measure the perspectives of both the child and parent since these perspectives may be independently related to healthcare utilization, risk factors, and quality of care [35] . Further, it is important that child self-report and parent proxyreport measures contain parallel items, so that direct comparisons at the individual item level are feasible and meaningful, that is, the items are measuring the same constructs (latent variables) [23] .
As previously reported, we recruited participants from clinics across five sites to achieve a sample with diverse experiences in terms of health outcomes, but also cultural and ethnic influences [16] . This study does not report on using the items in languages other than English or in children living in other countries, as such, we cannot assume that the item-level informant discrepancies would be similar in those other populations. We combined the age groups 8-12 and 13-17 for our analyses. There may be differences between these age groups in terms of item-level discrepancies. Our previous findings with the PROMIS Ò pediatric scales demonstrated virtually no differential item functioning (DIF) between these age groups for self-report and proxy-report [3-9, 11, 16, 17] and support our use of the 8-to 17-year-old group to serve as a monolithic age comparison group for the parent-child item-level agreement analyses.
Future research should focus on the child and parent characteristics that influence item-level discrepancies, and under what contexts parent-child discrepancies predict treatment outcomes. Perhaps, as suggested by De Los Reyes [21] , some treatments may demonstrate better child outcomes when assessed by child self-report (e.g., cognitive behavior therapy for anxiety [internalizing symptoms] disorders in which the child is the focus of the intervention), and some treatments may demonstrate better child outcomes when assessed by parent proxyreport (e.g., behavioral parent training for conduct disorders (externalizing symptoms) in which the parent is the focus of the intervention). Finally, some treatments may demonstrate better child health outcomes when both the child and parent agree on the presence and severity of the symptoms (e.g., gastrointestinal symptoms in which both the child and parent agree [36] , and concur that the symptoms warrant pharmaceutical and/or dietary intervention which may potentially enhance their joint adherence to the treatment regimen). Notably, prior research in children with emotional and behavioral problems referred to mental health clinics found that only 63 % of parent-child dyads agreed on the presence of even a single symptom or problem, with higher agreement on externalizing rather than internalizing symptoms or problems [37] . The investigators speculated that the low parent-child agreement on the child's symptoms requiring intervention may explain in part the poor outcomes for outpatient mental health clinic treatments [37] . In a subsequent study, these investigators demonstrated that parent-child informant discrepancies lead to the ''therapist's dilemma'' in determining the target symptom(s) for treatment intervention, potentially further compromising child treatment outcomes [38] . Clearly, understanding the factors that predict item-level parent-child discrepancies as more than measurement error, but rather, as vital information in clinical decision-making and in the evaluation of health outcomes for clinical trials and health services research, has just begun. Tables 9, 10 , 11, 12, 13, 14, 15, 16, 17, and 18 display the indices of inter-rater agreement (polychoric correlations, weighted j, and Bowker's test of symmetry) for all items, as well as the average and standard deviation (SD) of the difference between the child and parent responses on the 1-5 response scale. Items are sorted by degree of polychoric correlation within domain. 
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